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Abstract -The magnetic properties of LiTiZn s p i n e l s f e r r i t e s with high titanium s u b s t i t u t i o n a r e reported ; four c h a r a c t e r i s t i c temperatures a r e observed ; t h e Curie temperature which remains p r a c t i c a l l y constant although t h e decreasing of t h e ~e 3 + content ; below Tc it appears a change of t h e magnetic behaviour associated t o t h e onset of non c o l l i n e a r s t r u c t u r e ; above T,, two c h a r a c t e r i s t i c temperatures a r e observed, one of them o r i g i n a t e s from the c r y s t a l l o g r a p h i c order-disorder t r a n s i t i o n . The influence of t h e quenching temperature is presented.
I -INTRODUCTION
The ferrimagnetic Li-Ti-Zn systems have p o t e n t i a l a p p l i c a t i o n i n microwaves devices because of t h e i r rectangular h y s t e r e s i s loop, high Curie temperature, narrow e f f e c t i v e l i n e w i t h and low cost. They a r e derived from t h e pure lithium f e r r i t e L i 0 .~F e 2 , 5 . 0~ which presents two c r y s t a l l o g r a p h i c phases ; each of them coresponds t o e i g h t molecules per u n i t Cell / I / . The disordered Li0.5Fe2.504 is an inverse s p i n e l with t h e space group Fd3m ; t h e t e t r a h e d r a l (A) s i t e s (8a) a r e occupied by e i g h t Fe atoms only ; t h e four L i and t h e twelve remaining Fe atoms a r e s t a t i s t i c a l l y d i s t r i b u t e d over t h e octahedral ( 9 ) sites of t h e s t r u c t u r e (166). The ordered phase is c l o s e from an inverse s p i n e l ; t h e space group is P4 32 o r P4,32 ; t h e arrangement of t h e e i g h t Fe atoms on t h e t e t r a h e d r a l sites &c) is not modified whereas t h e twelve Fe atoms occupy t h e 12(d) positions and f o u r L i atoms t h e (4b) p o s i t i o n s ; t h e r e f o r e t h e well known 1:3 order appears on t h e B s i t e s . Lithium f e r r i t e s presents a c r y s t a l l o g r a p h i c order-disorder t r a n s i t o n i n t h e temperature range 1008 t o 1038 K; t h e s t r o n g e s t A-B superexchange i n t e r a c t i o n gives r i s e t o a Curie temperature of 955 K. Studies of Li-Ti-Zn f e r r i t e s have been already reported /2/ /3/ /4/ /5/; nevertheless only small s u b s t i t u t i o n s of titanium have been considered except i n t h e work of Konwicki and Makolagwa /6/. I n t h i s s h o r t communication, t h e magnetic p r o p e r t i e s of p o l y c r y s t a l l i n e a r e presented, more d e t a i l s w i l l be given i n a forthcoming paper.
I1 -SAMPLE PREPARATION P o l y c r y s t a l l i n e samples were prepared from Li2C03, TiOp, ZnO, Fez03 powders, a l l of high p u r i t y , using t h e conventional ceramic technique. The raw powders were mixed i n a s t e e l b a l l m i l l , c a l c i n a t e d a t 900°C during 2 hours, wet milled during 4 hours.
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The powder was pressed i n t o d i s k shapes (25 mm diameter, 5 mm t h i c k n e s s ) . The specimens were s i n t e r e d a t 1050°C f o r 6 hours i n oxygen atmosphere and slowly cooled i n t h e same atmosphere (lOO°C/h). To reduce t h e s i n t e r i n g temperature and t h e l o s s of Li and 02, and t o o b t a i n samples of high d e n s i t y /2/, a weak amount of B i a w a s added ( = 0.002/formula u n i t ) . To avoid excess of i r o n t h e s t e e l b a l l wear was corrected. According t o t h e chemical a n a l y s i s , t h e samples d i d n o t c o n t a i n Fe2+ i o n s ; X r a y s measurements have confirmed t h e presence of s p i n e l phase only. Note t h a t s e v e r a l specimens were quenched i n a i r from a temperature which v a r i e d from 400 t o 900°C. The bulk d e n s i t y of t h e specimens was n o t l e s s than 97 % of t h e t h e o r e t i c a l value. The c a t i o n d i s t r i b u t i o n which was proposed f o r low t i t a n i u m c o n t e n t s /2/ was assumed a s still v a l i d i n our case ; it is w r i t t e n :
and octa- 
I11 -EVIDENCE OF FOUR CHARACTERISTIC TEMPERATURES.
The magnetization (M) and t h e magnetic s u s c e p t i b i l i t y x ( a l l t h e r e s u l t s given i n t h i s paper correspond t o one mole of t h e Li0.5Fe2.504 t y p e ) were measured i n a magnetic f i e l d of 9.8 kOe from l i q u i d n i t r o g e n t o 1200 K using a magnetic balance. The r e s u l t s a r e presented i n Figures 1 and 2 . The M(T) curves p r e s e n t a long t a i l and t h e determination of t h e Curie temperature (Tc) is more o r less accurated.
Nevertheless it is c l e a r t h a t f o r both z i n c c o n c e n t r a t i o n s , two r e g i o n s ( t > 1.2 f o r z = 0 and t > 1 f o r z = 0.1) a r e found where Tc becomes c o n s t a n t when t h e t i t a n i u m content increases. The observed limits of T i n c r e a s e with t h e z i n c c o n t e n t and are equal t o (220 * 20)K ( z = 0 ) and (400 50)K ( z = 0.1) r e s e c t i v e l y . S u c h a behaviour which is i n c o n t r a d i c t i o n with the, decreasing of t h e Feg+ c o n t e n t w i l l be explaFned i n a n e x t paper. Note t h a t when z = 0, our Tc values a s s o c i a t e d with low t i t a n i u m s u b s t i t u t i o n s a r e i n good agreement with previous d a t a of Blasse /2/. Furthermore a s previously noted by t h e same a u t h o r , an anomalous P type M(T) curve 1s fourla f o r t = 0.9 while a N type curve is observed f o r t = 1.
Below Tc t h e M(T) curves e x n i b i t an abrupt change of e v o l u t i o n a t a temperature noted TSR o n l y f o r t h e h i g h t i t a t i u m c o n t e n t s .
A s f o r lower c o n c e n t r a t i o n ( z = 0 , t > 0 . 7 ) , non c o l i n e a r magnetic s t r u c t u r e s have been proposed a t low temperatures by J.L. Dormann /5/, it is reasonable t o consider t h a n TsR o r i g i n a t e s from canted magnetic o r d e r s . F i g . 2 -R e c i p r o c a l m a g n e t i c s u s c e p t i b i l i t y v e r s u s t e m p e r a t u r e f o r z = 0 . 1 ; t i s e q u a l t o 0 ( c u r v e 1 0 ) ; 0.2 ( 9 ) ; 0 . 4 ( 8 ) ; 0 . 6 ( 7 ) ; 0 . 9 ( 6 ) ; l ( 5 ) ; 1 . 1 ( 1 ) ; 1 . 2 ( 2 ) ; 1 . 2 5 ( 3 ) ; 1 . 3 ( 4 ) .
A t higher temperatures, t h e X-l ( T ) v a r i a t i o n (Fig.2) p r e s e n t t h r e e behaviours s e p a r a t e d by T1 and T2 s t i l l only f o r high t i t a n i u m r a t e s . T2 is observed a s c o n s t a n t and equal t o (1025 * 20)K ; furthermore t h i s value a g r e e p e r f e c t l y t o t h e c r y s t a l l o g r a p h i c order-disorder . t r a n s i t i o n temperature mentioned i n t h e i n t r o d u c t i o n . X-ray i n v e s t i g a t i o n s have confirmed t h e presence of s u p e r s t r u c t u r e l i n e s which r e v e a l e d an ordered c a t i o n i c d i s t r i b u t i o n over t h e o c t a h e d r a l s i t e s . On t h e o p p o s i t e , T1 is observed a s a d r a s t i c f u n c t i o n of both z i n c and t i t a n i u m c o n t e n t s . A l l previous r e s u l t s concern slowly cooled specimens ; t h e i n f l u e n c e of t h e quenching on t h e magnetic s u s c e p t i b i l i t y above t h e Curie p o i n t h a s been s t u d i e d f o r t h e s u b s t i t u t i o n s z = 0.1 ; t = 1.2. The r e s u l t s a r e summarized i n t h e f i g u r e 3 ; when t h e quenching temperature Tq is changing from 400° t o 900°C, Tc decreases r a p i d l y ; it becomes s m a l l e r than 100 K when t h e quenching temperature is higher t h a n 700°C. T2 is observed only f o r t h e slowly cooled sample ; Ti is f u n c t i o n a l s o of t h e quenching temperature, it d i s a p p e a r s when Tq is h i g h e r t h a n 600 K.
I V -CONCLUSION Magnetic p r o p e r t i e s o f t h e Li-Ti-Zn systems have been i n v e s t i g a t e d w i t h i n t h e h i g h t i t a n i u m s u b s t i t u t i o n . Two r e g i o n s ( t > 1.2 f o r z = 0 and t > 1 f o r z = 0.1) were observed with f o u r c h a r a c t e r i s t i c temperatures : Tc (Curie temperature) which does n o t decrease w i t h t h e diamagnetic ion s u b s t i t u t i o n ; TsR which is s m a l l e r t h a n Tc is a t t r i b u t e d t o t h e o n s e t o f non c o l l i n e a r magnetic s t r u c t u r e ; Tp is independent o f t h e z i n c and t i t a n i u m c o n t e n t s , it is t h e o r d e r -d i s o r d e r t r a n s i t i o n temperature a t which t h e 1 : 3 o r d e r on t h e B s i t e s d i s a p p e a r s ; t h e l a s t c h a r a c t e r i s t i c temperature (TI) l i e s between Tc and Tp, it is f u n c t i o n of both z i n c and t i t a n i u m c o n t e n t s , it is s t r o n g l y modified by t h e quenching temperature.
JOURNAL DE PHYSIQUE Fig. 3 -Influence of the thermal treatment on the magnetic susceptibility : slowly cooled sample ( 1 ) ; two quenching temperatures 600°c (2) and 900°C (3). For the three cases z = 0.1 and t = 1.2.
